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The technique of GPR (Ground Penetrating Radar) has been widely applied to both
military engineering and civil engineering. This thesis will base on GPR limitations in
reality applications, such as low efficiency and resolution for 3D problems, poor weak
capability of objects’ detection and lack of objects’ properties distribution, to discuss
and develop a series of novel algorithms by studying wave field simulation methods
(so called the forward methods) and target detection/discrimination methods (so called
the inverse methods). These new methods will be helpful in improving the quality of
imaging and effect of GPR applications.
As for the wave field simulation methods, two kinds of approaches are stud-
ied: one is called the infinity-frequency-ray-based method; and the other is called
the integration-equation-based method. Several developments are made respectively
with these two kinds of approaches. We first base on the infinity-frequency-ray-based
method, introduce the traveltime interpolation concept, and propose several simula-
tion methods for electromagnetic (EM) transmitted wavefronts and reflected wavefronts
in three dimensional complicated media. The paper respectively derives formulas for
regular-cell-discritized models and irregular-cell-discritized models, along with corre-
sponding ray tracing approaches, including the transmission and the first reflection ray
tracing schemes for both regular-cell-discritized models and irregular-cell-discritized
models.
Then, the GPR modeling based on the EM integral equation is studied. Basically,
the development is to overcome the shortcomings of the linear Born approximation
model, thus can provide a wave simulation method with higher accuracy. Besides,
several critical techniques, including the fast calculation of scattering coefficients by the
efficient FFT as with the Toeplitz property of the green’s function, the segmented FFT
(Seg-FFT) to decrease the sampling rate of point receivers, and the complex-frequency
technique, are discussed.
As for the target detection and discrimination, two kinds of methods are consid-
ered: one is the phase migration method and the other is the tomography method. Based
on the migration method at present, advanced techniques for improving image quality
and reducing imaging cost are studied. By using the modified NUFFT migration al-
gorithm, a fast and high resolution GPR reconstruction can be obtained with an addi-
tional reduction in both storage and computation requirements. By incorporating the














denoised reconstructions are obtained to enhance objects detection, including the iden-
tification of objects’ geometries, the estimation of their sizes and locations, and the
discrimination of weak GPR reflections.
The other kind of target detection method, which is valid for both weak and strong
scattering is studied based on the current fast linear tomography method and the im-
proved GPR linear modeling scheme. By introducing the DTA (diagonal tensor approx-
imation) based and wideband approximation based scattering correction coefficients,
the drawback of the traditional Born-based tomography method, which is limited to
weak scattering, is solved. Besides, the BiCGS-FFT technique is introduced for fast
implementation of the algorithm. The proposed method is helpful for imaging im-
provement, including the estimation of targets’ locations, sizes and electric parameters.
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